In recent year, besides conventional process comprising separated liquefaction, saccharification and fermentation steps, few ethanol distilleries in Vietnam started using Simultaneous Saccharification and Fermentation (SSF) for ethanol production. In this work, we developed an SSF process of rice mash at high solids for potable ethanol production at pilot scale of 30 liters. After investigation on liquefaction and boiling time of five SSF processes, we selected the most suitable one (SSF3) to apply to pilot scale. At pilot scale, rice flour (RF) was dissolved in water to reach 315.4 g/l dry matter, then the mixture was liquefied at 85 o C for 60 min by using an alpha-amylase (Liquozyme SC DS at 45.36 KNU-S/kg RF) and a betaglucanase (Optimash TBG at 2.812 U/kg CF). The starch slurry was then boiled for 30 min. SSF of liquefied mash was performed at 30 o C with the simultaneous addition of a gluco-amylase (Spirizyme SC DS at 540 AGU/kg RF) and a protease (Fermgen TM at 600 SAPU/kg RF), active dry yeast (Ethanol Red at 1.5×10 7 cells/l), urea (12 mM) and KH 2 PO 4 (4 mM). Under these conditions, SSF process finished after 120 h and achieved 16.7 % v/v ethanol, which was equivalent to 87.1 % of the theoretical yield. Therefore, the VHG fermentation of rice flour could be a great potential to be applied in potable ethanol industry in Vietnam.
INTRODUCTION
In Vietnam, cane sugar molasses, cassava and rice are widely used for ethanol production. Among them, rice is the most consumed raw material for potable ethanol production. For long time, rice has been the most important crop in Vietnam with productivity of 43.6 million tons in 2016, in which 4.88 million tons was exported [1] . Moreover, besides being consumed as daily food, rice is often transformed into different products including ethanol whose productivity was at 188 million liters in 2016 [2] . In the world, besides the conventional method for ethanol production, Simultaneous Saccharification and Fermentation (SSF) process has been applied widely to increase ethanol yield and reduce production cost and time. In this process, after liquefaction by alpha-amylase, gluco-amylase and yeast are added to the slurry before conducting SSF step in a single reactor [3] . The SSF process has been successfully carried out on different substrates such as sweet sorghum stalk, sugar beet pulp, potato mash and cassava [3 -6] . Regarding these advantages, some ethanol distilleries in Vietnam start using this process in their production. Thus, it is of interest to improve efficiency of SSF process in Vietnamese ethanol industry.
High solid or very high gravity (VHG) fermentation technology can considerably increase fermentation productivity through higher ethanol concentration while consuming less water and energy [7] . In high solid technology, mashes with greater than 27 g dissolved solid/100 g mash can be batch-fermented [8] . This technology has many advantages in ethanol production: (i) increasing plant capacity and reduction in capital costs, (ii) increasing plant efficiency, (iii) reducing risk of contaminating bacteria [9] . However, high solid technology has also some inconvenience, including high viscosity that lower fermentation efficiency [10] and a high final ethanol concentration coulddecrease yeast growth and cell viability due to ethanol stress [11] . Therefore, successfulness of its application depends on the preparation of mashes with low viscosity and a yeast species resistant to high ethanol concentration. Previously, VHG has been adopted for different raw materials for both brewing and bioethanol production. Recently, nitrogen sources were optimized to enhance ethanol production by Saccharomyces cerevisiae at VHG fermentation of corn starch (340 g/L) [11] . The optimum combination of nitrogen sources (0.6 % yeast extract, 69 mM urea, and 26 mM ammonium sulfate) enabled ethanol yield and fermentation efficiency at 20.3 % and 84.5 %, respectively, after 72 h of fermentation. In another approach regarding the mash viscosity, Poonsrisawat et al. [12] investigated the use of cell wall degrading enzymes from Aspergillus aculeatus for viscosity reduction of cassava at VHG. Cassava root mash was pretreated with 0.5 % (w/w) viscosity reducing enzyme preparation and incubated at 45 o C, pH 5.0 for 2 h. The ethanol content reached 19.65 % v/v corresponding to 87.55 % yield with thermal process at lab scale. Nguyen et al.
[3] developed a SSF process at VHG from cassava flour for bioethanol production. Liquefaction step was carried out with presence of alpha-amylase and beta-glucanase enzymes, while gluco-amylase and protease were used for SSF step. After 72 h, the ethanol content achieved 17.2 % and 16.5 % corresponding to 86.1 % and 83.6 % of theoretical yield at lab and pilot scale, respectively.
In this study, our approach was to a high solid fermentation process of rice flour (RF). We investigated the influence of liquefaction and boiling time on the efficiency of SSF processes, and then scaled up the best one to pilot scale (30 l per batch).
MATERIALS AND METHODS

Microorganism
Saccharomyces cerevisiae was obtained by using dry yeast in the commercial Ethanol Red provided by Fermentis (France).
Materials
The rice flour was provided by Hanoi liquor joint-stock company (HALICO). Starch content of the rice flour used was 74.0 ± 1.3 % and its humidity was 11.1 ± 0.8 %.
In this work, different kinds of commercial enzymes provided by Dupont (formerly known as Genencor-A Danisco Division) and Novozymes were used. 
Simultaneous Saccharification and Fermentation (SSF) at high solids
At laboratory scale of 1 liter, rice flour (RF) was mixed with tap water to achieve a concentration of 341 g/l. Liquefaction step was conducted at 85 o C and at the initial mash pH of 5.5. Alpha-amylase (Liquozyme SC DS) at 45.36 KNU-S/kg RF and beta-glucanase (Optimash  TBG) 7 cells/mL), urea (12 mM) and KH 2 PO 4 (4 mM). Under these conditions, SSF-VHG will be stopped after 120 h.
At pilot scale (30-liter fermentation), SSF3 process was carried out at dry matter of 315.4 g/l.
Analytical procedures
To measure reducing sugar, fermentation beer was filtrated, then reducing sugar was determined by using DNS (3,5-dinitro salicylic acid) method [13] . Residual sugar was measured by the same method after acid hydrolysis (HCl 2 % for 120 min at 100 o C) of fermentation beer. Ethanol was distilled from fermentation beer then ethanol concentration was determined by an ethanol ebulliometer (Dujardin-Salleron, France). Glucose, glycerol and acetic acid were determined by High Performance Liquid Chromatography (HPLC) (Agilent 1200 series, Agilent Technologies, Germany) by using an Aminex HPX 87H column (Bio-Rad, Hercules, USA) with RID detector. Starch and humidity were determined according to the appropriate methods described by Le-Thanh et al. [14] . All reagents were of analytical grade.
RESULTS AND DISCUSSION
Investigation on influence of liquefaction and boiling time to SSF process
Liquefaction step was aimed at converting the starch into maltodextrins at high temperature and to reduce the viscosity of starch slurry. In VHG process, starch slurry viscosity during this step playsan important role, which can decrease enzyme efficacy in cutting starch, thus results in reducing ethanol yield. Hence, decreasing starch slurry viscosity in liquefaction step is prerequisite for conducting an effective process for ethanol production at VHG. Previously, different methods have been carried out to resolve this problem, in particularly by using enzymes decreasing viscosity such as cellulase, hemi-cellulase, pectinase, xylanase and betaglucanase [3, 5, 15] .
In our SSF processes, alpha-amylase (Liquozyme SC DS) and beta-glucanase (Optimash TBG) were used for liquefaction and for viscosity reduction. However, at high solid condition, high concentration of substrate could inhibit the activity of starch hydrolyzing enzyme, hence the liquefaction may not occur properly. Therefore, in this study, after liquefaction, a boiling step was performed for an extensive liquefaction before SSF step. Five processes were carried out to investigate the influence of liquefaction and boiling time on the SSF efficiency. After 96 h of fermentation, the highest ethanol yield was observed for the SSF1 process (88.9 % equivalent to 18.3 % v/v), followed by ethanol yields for SSF2 and SSF3 processes (87.3 % equivalent to 18.0 % v/v). In the SSF4 and SSF5 processes, the ethanolyields were lower (85.0 % and 82.5 % corresponding to 17.5 % v/v and 17.0 % v/v, respectively). However, residual and reducing sugar remained very high in all five processes (from 41.6-61.7 g/l and 30.5-40.2 g/l, respectively) ( Table 2) . Although the ethanol yield in the SSF1 process was the highest one, the liquefaction and boiling time of this process were too long: 90 min for liquefaction and 60 min for boiling, that consumed a lot of energy for heating and maintaining the mash at these temperatures. On the other hand, in the SSF3 process, liquefaction and boiling time was reduced from 90 min and 60 min to 60 min and 30 min, respectively. The boiling time was 30 min less than in the SSF2 process, but the ethanol yield in the SSF2 (87.3%) was similar to the SSF3 and equivalent to average yield in industry. Thus, the SSF3 process was selected to scale up to pilot scale.
The residual and reducing sugar in all processes were too high at the end of fermentation (Table 2 ). According to the yeast supplier, Ethanol red S. cerevisiae could achieve to an ethanol concentration up to 18 % v/v. The high level of initial dry matter as well as ethanol concentration in the five processes could suppress yeast cells and their performance and led to a high final concentration of residual and reducing sugar as a consequence. In order to handle this problem, we decided to decrease the initial dry matter from 341.0 g/l to 315.4 g/l when the SSF3 process was applied to pilot scale.
Simultaneous Saccharification and Fermentation (SSF) at pilot scale
In order to achieve a high ethanol yield, besides gluco-amylases (Spirizyme SC DS), protease (Fermgen TM ) was added into SSF step in SSF3 process. According to the producer, this protease permits a faster ethanol fermentation rate and a higher yield for starch substrates and provides more essential yeast nutrients in the form ofamino acids, peptides and free amino nitrogen. Finally, after 120 h of fermentation, the ethanol content was achieved 16.7 % v/v corresponding to 87.1 % of theoretical ethanol yield, while the residual sugar and reducing sugar decreased to 10.1 and 0.67 g/l, respectively (Figure 1 ). Moreover, it was shown that after 24 h of fermentation, reducing sugar, acetic acid remained low, especially, acetic acid concentration was closed to zero ( Figure 1 and Table 3 ). This result demonstrated the advantages of SSF process: a low content of reducing sugar could decrease osmotic pressure on yeast and reduce risk of contamination [16] . Previously, in the studies on VHG process of sweet potato, Scrichuwong et al. [5] and Zhang et al. [15] conducted pretreatment step before fermentation to reduce mash viscosity. After fermentation, ethanol content of 16.6 % v/v and 16.3 % v/v was achieved, which was equivalent to 89.7 % and 91.4 % of theoretical ethanol yield. In our work, a pretreatment step was not performed. We tried to use enzymes to decrease viscosity during liquefaction step to meet the actual conditions in the industry. Normally, fermentations run at 1-liter and 100-liter scale are different due to the different facilities used for each scale, to the role of agitation, viscosity and to the control ability of other parameters. In a study on wine making, Casalta et al. [17] showed that highly clarified must fermentation kinetics was strongly affected by the scale of experiment, with slower fermentation occurring in the pilot fermenter. Thus, the investigation on the process efficiency at pilot scale plays an important role before carrying out the process at industrial scale. We also took into account the production of acetic acid and glycerol during the fermentation. In general, acetic acid could not be detected by HPLC. Meanwhile, the glycerol content in SSF3 process was quite high (9.8 g/l at 120 h). Under anaerobic conditions, alcoholic fermentation of sugars is the sole pathway in yeast that provides energy in the form of ATP for cellular maintenance and, if sufficient ATP is available, for growth. When ATP is used for growth, or to resist to stress, yeast biomass and glycerol are formed and sugar is not converted to ethanol [18] . Regarding the important role of a yeast strain suitable for VHG conditions, many studies focusing mainly on yeast nutrients have been carried out. By adding spent brewer's yeast to the maize mash, Kawa-Rygielska et al. [19] improved the ethanol yield from 77.91 % in the control sample to 91.85 % in the supplemented mash sample. Recently, Li et al. [11] investigated the effects of the readily available and often-used nitrogen sources on ethanol production by S. cerevisiae, resulting in an optimum combination of nitrogen sources (0.6 % yeast extract, 69 mM urea, and 26 mM ammonium sulfate) for yeast. In our process (SSF3), ethanol content was 16.7 % v/v corresponding to 87.1 % of theoretical ethanol yield, which was equivalent to average yield achieved in the current ethanol industry in Vietnam. However, further investigation on nutrients for yeast could be carried out to improve ethanol yield. Moreover, a response surface methodology will be conducted to optimize the quantity of enzymes, yeast and supplementation nutrients for a better cost-effective.
CONCLUSION
In this work, we investigated the influence of liquefaction and boiling time on the SSF efficiency of five SSF processes and then selected the most suitable process to apply to pilot scale (SSF3 process reached an ethanol content of 16.7 % v/v corresponding to 87.1 % of theoretical ethanol yield). However, enzyme optimization, yeast strain and the nutrients need to be further studied to improve the ethanol yield. In addition, the valorization of by-products should be investigated as well to improve added value. Our results in this work suggested that potable ethanol production by SSF process at high solids from rice has a great potential for ethanol industry in Viet Nam. Trong những năm gần đây, bên cạnh quy trình truyền thống bao gồm các bước dịch hóa, đường hóa và lên men riêng biệt, một sôt nhà máy cồn tại Việt Nam đã bắt đầu sử dụng quy trình đường hóa và lên men đồng thời (SSF) cho quá trình sản xuất. Trong nghiên cứu này, chúng tôi phát triển một quy trình đường hóa và lên men đồng thời từ nguyên liệu gạo ở nồng độ chất khô cao ở quy mô pilot (30 l). Sau khi khảo sát ảnh hưởng của thời gian dịch hóa và thời gian nấu sôi, chúng tôi đã chọn quy trình thích hợp nhất (SSF3) để áp dụng lên quy mô pilot. Ở quy mô này, bột gạo được hòa trộn đều với nước để đạt nồng độ chất khô 315,4 g/l, sau đó được dịch hóa ở 85 o C trong 60 phút bằng enzym alpha-amylaza (Liquozyme SC DS tại 45,36 KNU-S/kg nguyên liệu) và enzyme beta-glucanaza (Optimash TBG tại 2,812 U/kg nguyên liệu). Khối dịch sau đó sẽ được đun sôi trong 30 phút. Quá trình đường hóa và lên men đồng thời dịch sau dịch hóa được tiến hành ở 30 o C với việc bổ sung đồng thời enzyme gluco-amylaza (Spirizyme SC DS tại 540 AGU/kg nguyên liệu) và enzyme proteaza (Fermgen TM tại 600 SAPU/kg nguyên liệu), nấm men khô (Ethanol Red với nồng độ 1,5×10 7 tế bào/l), urea (12 mM) và KH 2 PO 4 (4 mM). Dưới những điều kiện trên, quá trình lên men kết thúc sau 120 h và độ cồn đạt 16,7 % v/v, tương ứng với hiệu suất 87,1 %. Vì vậy, quy trình lên men gạo ở nồng độ chất khô cao có tiềm năng lớn để áp dụng trong ngành công nghiệp cồn thực phẩm tại Việt Nam.
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